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ABSTRACT epee = 
An incision wound is a wound caused by being sliced. Two ingredients that play a key role in the wound-healing 2 g 2. —~ 
process are glucomannan and acemannan, which are rich in polysaccharides and growth hormones. Growth g a. & F 
hormones stimulate fibroblast activity and proliferation. The present study involved 35 Sprague Dawley male rats, Y > = > 
aged 2-3 months old and weighing 200-300 grams. The study comprised seven groups including, negative control = 2 8 a a 
group (G1), positive control (aquades, G2), betadine 10% (G3), gel base (0.5 mg, G4), gel base + sodium = iS & a a 
metabisulfite 0.2 gr (G5), gel base + Aloe vera 5% (G6), and gel base + Aloe vera 5% + sodium metabisulfite 0.2 gr * = = 
(G7). Each group had five replications. Initially, a 4-cm incision was made on the dorsal skin of each rat. The study é NS = 2 
lasted 15 days with observations made on days 3, 7, and 15. After the observation period, the rats were anesthetized R es] 


and then terminated to collect skin tissues for microscopic examination. The tissue samples were then stained 
immunohistochemically to assess fibroblast growth factor (FGF) expressions. The results showed that the highest 
FGF expression was observed in the 5% Aloe vera + 2% metabisulfite group (G7), while the lowest FGF expression 
was in the negative control group (G1). It is concluded that Aloe vera L. extract gel at 5% + 2% metabisulfite (G7) 
significantly enhances the expression of FGF. 
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INTRODUCTION 


An incision wound is an injury caused by a sharp object slicing the skin. The wound healing process consists of four 
different phases including homeostasis, inflammation, proliferation, and maturation (LaiCheong and McGrath, 2017). 
The migration and proliferation of fibroblasts in the wound area play a crucial role in this process. An increase in 
fibroblast cells affects the amount of collagen fibers, which can be linked to the edges of wounds, form connective tissue, 
and provide strength and integrity to the wound. 

Conventional Treatments for incision wounds typically include povidone-iodine and topical antibiotics (Wilantari, 
2020). However, povidone Iodine 10% has several side effects such as bacterial resistance and hypersensitivity, 
inhibiting the wound granulation process (Amiruddin et al., 2015). To mitigate these drawbacks, herbal remedies such as 
Aloe vera can be recommended as an alternative and complementary treatment. 

Aloe vera L. is a plant that contains materials for wound healing. According to Nurhidayanti (2022), Aloe vera has 
several vitamins, minerals, enzymes, polysaccharides, glucomannans, acemannans, polypakaride compounds, and 
organic acids that are water-soluble and fat-soluble. Glucomannans and acemannas plays an important role in the wound 
healing phase, as they activate macrophages, which play a key role in regulating tissue repair. Macrophages release 
cytokines and growth factors (PDGF, TGF-a, TGF-b, EGF VEGF) that facilitate tissue repair. Additionally, 
glucomannas and acemannas activate and proliferate fibroblasts, accelerating the expression of vascular endothelial 
growth factor (VEGF), which stimulates the formation of new capillaries in the wound-healing process. Aloe vera gel 
also contains lignin, which can penetrate and absorb into the skin, playing a significant role in the proliferation phase by 
promoting new cells and preventing excess fluid loss from the skin surface (Hekmatpou et al., 2019). Mustaqim et al. 
(2018) reported that the administration of Aloe vera gel on mouse wounds improved wound healing, as evidenced by the 
parameters of epithelial thickness and the average number of fibroblasts. 

Sodium metabisulfite is a preservative substance. It is used as an antioxidant and antimicrobial agent which 
functions as a preservative in foodstuff, syrup medicines, cosmetic preparations, and hair nourishers (Ilie-mihai et al., 
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2022). In the process of healing incisional wounds, sodium metabisulfite functions as an antimicrobial that inhibits 
bacterial contamination of skin tissue. As a preservative, it also helps maintain the stability of the Aloe vera content in 
the preparation. The present study aimed to evaluate the effect of the formulation of Aloe vera extract gel with the 
addition of sodium metabisulfite preservatives on the expression of FGF in wound healing. 


MATERIALS AND METHODS 


Ethical approval 

The animal experimentation was approved by the Ethical Clearance Committee of YARSI University Research 
Institute, Jakarta, with registration number 135/KEP-UY/EA.10/VI/2023. This study was conducted from July to 
December 2023 at the Animal Research Facility, Jakarta, Indonesia. 


Study design 

The manufacture of the gel base was carried out at the Pharmacy Laboratory of PT., Derma Beauty Indonesia, 
Tangerang. The Aloe vera samples were washed, and the skin of the leaf gel was separated, cut into small pieces, and 
macerated overnight in ethanol solvent. The filtrate was separated from the residue and then evaporated using a rotary 
evaporator (Japan) under vacuum pressure at a temperature of + 40°C to obtain an ethanol extract (Baldi et al., 2021). 


Gel base production 

The tools used included a homogenizer, a beaker, a gel placement container, and a digital scale. There was a 5% 
extract of Aloe vera L in 100-gram preparations. The gel base was prepared using Aloe vera extract, where 5% of the 
extract was calculated to be added. This means that after adding 5 g of extract to 100 grams of the gel base, the resulting 
amount of the gel base was 95 grams. This mixture was homogenized using a Thinky mixer (USA), at a speed of 2000 
rpm for 3 minutes until homogeneous. Sodium metabisulfite (Indonesia) was added at a rate of 0.2 grams and mixed at 
the final stage. Next, the gel base was mixed with Aloe vera L extract and sodium metabisulfite at a predetermined 
dose using a mixer at a speed of 2000 rpm for 3 minutes. The gel base was then evaluated organoleptically for its 
physical stability, acidity, viscosity, and total plate and yeast mold counts for 8 weeks (Retnowati et al., 2021). 

The study used male Sprague Dawley rats, 2-3 months old, weighing 200-300 grams. The rats were divided into 
seven groups with five repetition rats in each group including, Group 1 (negative control), Group 2 (positive control 
given aquades 0.5 ml), Group 3 (positive control given betadine 10 %, 0.5 ml, Indonesia), Group 4 group (given the gel 
base), Group 5 (given the gel base and sodium metabisulfite 0.2 gr), Group 6 (given the gel base and Aloe vera 5%), and 
Group 7 (given Aloe vera 5%, and sodium metabisulfite 0.2 gr). Treatment for all groups was conducted over 15 days. 
To begin, the rats were given anesthesia with ketamine (10 mg/kg BW) and xylazine (2 mg/kg BW, Sotoudeh and 
Namavar, 2022) intraperitoneally. After anesthesia, the fur on the rats' backs was shaved to a size of 5 x 3 cm. The rats 
were then placed on the operating table and fixed according to the procedure (Kartika et al., 2013). The skin was 
disinfected with betadin, rubbed with 70% alcohol, and then a 4cm long incision was made on the back. Observations 
were made on days 3, 7, and 15. At the end of the observation period, the rats were anesthetized and terminated using 
cervical dislocation. Finally, the skin tissue was taken for microscopic examination. 


Sample collection 
The rats were maintained for 15 days. On day 15, the skin samples were collected and fixed in 10% neutral buffer 
formalin. 


Laboratory test 

The skin samples were dehydrated using graded alcohol and xylene and then blocked using liquid paraffin 
(Alturkistani et al., 2015). The samples were cut using a microtome. The skin sections were then stained by 
immunohistochemia (IHC) antibody for fibroblast growth factor (Haid et al., 2020). The slides were then dehydrated and 
treated with endogenous peroxidase and protein block. Next, they were incubated using antibody primer FGF2 (Vantec 
bio) for several minutes. Following this, the slides were incubated with a post-primary antibody and 
diethylaminobenzidine (DAB). They were finally photographed using an Olympus microscope (CX33, Japan) at 400 x 
magnification and analyzed using ImageJ software (NIH, USA). 


Data analysis 

Data were analyzed quantitatively using SPSS version 25. The analysis was conducted using the Kruskal Wallis 
non-parametric test followed by the Mann-Whitney post hoc test. Correlation analysis was performed using the 
Spearman test with a confidence level of 95% (p < 0.05). 
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RESULTS AND DISCUSSION 


The results of the observation of organoleptic tests on the formulation of gel preparations on day | did not show 
any changes in color, odor, or texture. Organoleptic tests (Table 1 and Figure 1a) on the formulation of gel preparations 
for 8 weeks indicated no changes in the texture, color, and odor of the preparations. This stability is because of the 
presence of sodium metabisulfite. The addition of sodium metabisulfite was proven to increase the shelf life of the gel- 
based Aloe vera L. extraction formulation. This is due to the role of sodium metabisulfite as a preservative when added 
to drug formulations because sodium metabisulfite has the function of preventing the growth of microbes (Yusuf et al., 
2020). The acidity test in the gel formulation of Aloe vera extract shown a pH of 5.1 (Table | and Figure 1b). This 
indicates that preparations have the same pH value of 4.5-6.5 as human skin (Yusuf et al., 2020). The viscosity test on 
the formulation of gel preparations showed a viscosity value of 5420 centipoise (cps) (Table 1 and Figure 1c). This value 
indicates that preparations had a low viscosity (5640 cps). Mixing sodium metabisulfite may dilute the formulation, as 
the small molecular weights of sodium metabisulfite and Aloe vera cause a decrease in the overall consistency of the 
preparation. However, the viscosity results for the preparations remain within the normal range because they are still in 
the range of 2000-50000 cps (Yusuf et al., 2020). The test of the total plate count and yeast mold count showed that the 
formulations had low microbial counts (Table 1 and Figure 1d). This finding proves that the addition of sodium 
metabisulfite to formulations can prevent the development of microbes in the preparations. This is in accordance with 
research by Kristantri et al. (2022), who reported that microbial agents developed more quickly in preparations without 
sodium metabisulfite. The reason is that sodium metabisulfite, apart from being an antioxidant, also acts as an inhibitor 
of microbial agents in preparations (Table 1). 


In this study, the results indicated a significant increase in FGF expression after treatment with Aloe vera L extract 
gel and sodium metabisulfite (p < 0.05). The increase in FGF expression on day 7 was higher than on day 3. The highest 
FGF expression intensity was observed on days third and seventh, in the Aloe vera + sodium metabisulfite group 
compared to other groups. In this study, FGF expression increased on days 3 and 7 but decreased on day 15 (Figure 2). 


Table 1. Gel stability test (pH, viscosity, total plate count, and yeast mold count) 


Test Results 
Acidity degree (pH) 5.1 
Viscosity 5420 cps 
Total plate count < 1041 cfu/g 
Yeast mold count 1x< 10cfu/g 


Description: Stability test results of 5% Aloe vera gel + 0.2 gr of sodium metabisulfite 


Figure 1. Stability test results of gel preparations. a: Organoleptic test, b: pH test, c: Viscosity test, and d: Total plate test and 
yeast mold test 
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Day 7 Day 3 


Day 15 


5%; and G7: Gel base + Aloe vera 5% + sodium metabisulfite 0.2 gr 


Figure 2. Histopathological description of fibroblast growth factor (FGF) expression using immunohistochemical staining of skin tissue on the backs of Sprague Dawley rats in various 
groups on days 3,7 and 15 with 400x magnification. G1: Negative control; G2: Distilled water; G3: Betadine 10 %; G4: Gel base; G5: Gel base + sodium metabisulfite 0.2 gr; G6: Gel base + Aloe vera 
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Figure 3. Comparison of fibroblast growth factor (FGF) expressions. G1: Negative control; G2: Distilled water; G3: Betadine 
10 %; G4: Gel base; G5: Gel base + sodium metabisulfite 0.2 gr; G6: Gel base + Aloe vera 5%; and G7: Gel base + Aloe vera 5% + 
sodium metabisulfite 0.2 gr 


The image shows a comparison of FGF expressions among different treatment groups on days 3, 7, and 15. Data 
are presented as median values, with minimum and maximum ranges. On day 3, G7 exhibited the highest FGF 
expression compared to other groups, while G1 had the lowest expression (p < 0.05). G2 did not differ significantly from 
G3 (p > 0.05), and there was no significant difference between G4 and G5 (p > 0.05). By day 7, the highest FGF 
expression remained in G7, followed by G6, while G5 had a lower FGF expression compared to G4 (p < 0.05). G3 
showed a higher expression compared to G2 and G1. On day 15, FGF expression in G7 was still the highest, with G1 
maintaining the lowest expression. G2 did not show a significant difference compared to G3 (p > 0.05). Also, there was 
no significant difference between G4 and G5. These results indicate that the addition of Aloe vera and sodium 
metabisulfite (AVM) significantly increases FGF expression compared to other treatments (Figure 3). 

Fibroblast growth factor-2 (FGF-2) plays a crucial role in angiogenesis in wounds, the formation of granulation 
tissue, and the regulation of re-epithelialization (Takaya et al., 2022). Besides activating fibroblasts, FGF-2 activates 
other cells originating from the mesoderm, including vascular endothelium and smooth muscle cells, osteoblasts, and 
chondrocytes. FGF-2 can also accelerate the healing of acute and chronic wounds (Cowin, 2019). In this study, FGF 
expressions increased in all groups on days 3 and 7 but decreased on day 15. FGF-2 increases in the acute phase of 
wounds because it plays a role in the formation of granulation tissue, re-epithelialization, and tissue remodeling. FGF-2 
also regulates the synthesis and deposition of extracellular matrix components, increasing keratinocyte movement, 
accelerating fibroblast migration, and stimulating collagen production. FGF-2 levels decreased in the chronic wound 
phase. This is characterized by an increase in FGF and fibroblasts on day 3 and reaching a peak on day 7 (Wei et al., 
2022). Other studies have shown that local administration of FGF-2 can have anti-fibrotic effects in wounds, fighting 
myofibroblast differentiation and reducing fibrosis in wound tissue (Koike et al., 2020). 

The results of this study are in line with several previous studies. In the study by Koike et al. (2020), local 
administration of FGF-2 also had anti-fibrotic effects showing the same functions in fighting myofibroblast 
differentiation and reducing fibrosis in wound tissue. They also reported that FGF-2 stimulates re-epitheliation in 
epidermal defect wound models. The results of the study by Takzaree et al. (2016) pointed to a significant increase in 
fibroblast formation and accelerated wound healing in the group that received Aloe vera gel, accompanied by an increase 
in TGF-B and FGF gene expression. Moreover, Atiba et al. (2022) found that topical application of Aloe vera gel not 
only accelerated wound healing but also increased the expression of vascular endothelial growth factor, basic fibroblast 
growth factor, and antioxidants. Additionally, Hormozi et al. (2017) reported that the administration of Aloe vera 
increased the expression of TGFBI and FGF in vitro. 
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CONCLUSION 


The combination of Aloe vera L. extract gel at 5% concentration and sodium metabisulfite (0.2 gr) was more effective in 
increasing FGF expression than Aloe vera or sodium metabisulfite alone in the treatment of incision wounds on rat 
backs. Future research should consider comparing optimal treatment durations, examining different concentrations of 
Aloe vera extract, exploring the long-term effects of Aloe vera gel and sodium metabisulfite, and testing different wound 
models. 
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